Abstract -Acridine orange is a non-specific fluorescent dye which binds to DNA mainly by intercalating between base pairs. In human and animal cytogenetics this dye has been extensively utilized to show reverse banding pattern (RFA). Considering the absence of G-and R-bands in plant chromosomes, the use of acridine orange after pretreatment in C-banding protocols has been applied for detecting heterochromatic segments associated with the nucleolus organizing regions (NORs). Therefore, the RFA technique, as applied to higher vertebrates, was used in this work for pepper (Capsicum annuum L.) chromosomes to detect NOR-associated heterochromatic segments. For the Capsicum genus, other methods described in the literature have led to conflicting NOR positions results. Bands emitting yellowish-green fluorescence were located in the secondary constriction of chromosome 5 and flanking the NOR of chromosome 11 of pepper. The maize chromosome 6, used as a known NOR position standard, showed similar results. Additional information and the banding pattern obtained suggest that this method can be used to differentiate between the α and -heterochromatin.
INTRODUCTION
Acridine orange (AO) is a non-specific fluorescent dye that stains single-stranded DNA red and double-stranded DNA green (Sharma and Sharma 1999; Exbrayat 2000) . In human cytogenetics (Verma and Lubs 1975) and other mammals (Sharma and Sharma 1994) this fluorochrome is used as a routine technique to obtain reverse banding pattern of G-banding (GTG) (Dutrillaux and Lejeune 1971; Lubs 1975, 1976) .
In plant cytogenetics, there are no studies using the RFA technique to obtain R bands. Its use might have been discouraged by cytogeneticists, considering that genuine G-band patterns have not been consistently demonstrated and its existence has even been doubted (Greilhuber 1977) .
However, some authors have used AO after the denaturation pretreatment of C-banding to show banding patterns in plant chromosomes. Gendel and Fosket (1978) reported telomeric bands in Allium cepa chromosomes. Sato (1988) showed bands emitting yellowish-green fluorescence in the NORassociated heterochromatic segments (NOR H-segments) in chromosomes of Vicia faba, Allium fistulosum, Chrysanthemum coronarium, Lycoris aurea, and Nothoscordum fragrans. Cué llar et al. (1999) obtained similar results in Helianthus argophyllus and H. annuus.
NORs have been identified by different strategies using conventional techniques, such as the demonstration of heterochromatin-associated bands (Sato 1988) , the presence of secondary constrictions and satellites (Moscone 1993) and staining of proteins with Ag-NOR (Sumner 1990; Guerra 2000) .
In Capsicum annuum (2n=24), NOR H-segments have been identified cytogenetically by different methods. Nevertheless, the NOR position in C. annuum chromosomes have showed conflicting results. Tanksley et al. (1988) , working with a biotin-labelled 45S rDNA probe, showed only one hybridization signal in the subterminal region of chromosome 5. Moscone et al. (1995) reported, in different cytotypes, the presence of one Ag-NOR band in chromosome 11. However, they observed one additional band in chromosome 12 in one of the cytotypes. Aarestrup (2001) showed only one Ag-NOR band in short arm of the chromosome 8. Moscone et al. (1996) , working with chromomycin A3 (CMA) and 4-6-diamidino-2-phenylindole (DAPI), obtained one CMA-positive/DAPI-negative subterminal band in chromosome 6 and another band satellite-associated in chromosomes 11 and 12.
The present paper reports the use of the RFA technique and image analysis to identify NOR-associated segments in chromosomes of C. annuum.
MATERIALS AND METHODS
Plant material -Peppers seeds (C. annuum cv. 'Criollo de Morelos' and 'Fortuna Super') were obtained at Universidade Federal de Viçosa (UFV), Brazil, and maize seeds (Zea mays 2-NOR), used as NOR-chromosome 6 standard, were gently supplied by the Maize Genetics Stock Center (University Illinois, USA). The analyses were carried out at the Plant Cytogenetics Laboratory at UFV, Brazil.
Pre-treatment and fixation -Seeds of C. annuum were germinated in a Petri dish at 30°C for five days, and then treated with 2 mM hydroxyurea (Sigma) for 18 h at 30°C. Seeds showing 1 cm roots were washed for 20 min and placed for 2 h in another Petri dish containing distilled water. Roots were treated with a 5 µM oryzalin solution for 3 h 30 min at 30°C, washed with distilled water for 15 min, and then fixed in fresh methanol-acetic acid solution (3:1). The fixative was changed three times and stored at -20°C. Maize seeds used as a standard were germinated for 33 h and treated with the same protocol.
Slide preparations -Pepper root tips were washed and placed in 1 ml of freshly prepared enzyme solution, consisting of 10 µL flaxzyme (Novo Ferment TM) plus 140 µL distilled water, for 1 h 20 min at 35°C. Maize root tips were macerated in enzymatic solution (7.5 g of ultrazym TM 100 G, Novo Ferment TM and 50 mL citric acid buffer pH 4.2), for 1 h 45 min at 35°C. Roots were washed for 20 min with distilled water and fixed again at -20°C. Slides were prepared by meristematic cellular dissociation, air-dried and placed on a hot-plate (50°C) for 20 min (Carvalho and Saraiva 1993, 1997) .
Giemsa conventional staining -Some slides were immediately stained with a 5 % Giemsa (Merck) solution in phosphate buffer (pH 6.8) for 5 min, washed twice in distilled water and air-dried.
Acridine Orange (AO) banding -The banding protocol used was the RFA (R-bands by fluorescence using acridine orange) described by Lubs (1975, 1977) for human chromosomes. Slides were aged for 15 -20 days and incubated in phosphate buffer (pH 6.5 at 85°C for 15 a 20 min, depending on the age of slides), and staining with 0.01 % (w/v) acridine orange for 15 min.
Image analysis -Figures of chromosomes were captured with a CCD video camera on an OlympusTM BX 60 fluorescence microscope with a 100x objective lens and WB filter. The video image was digitized by an Optronics DEI-470 image analysis system attached to a Power Macintosh G3 computer. Image analysis was performed on a Power Macintosh G4 computer using the freely available Image SXM software (Barrett 2002), which can be obtained via the Internet at http://reg.ssci.liv.ac.uk. This is a spin-off of the public domain image analysis application NIH Image which was developed by Rasband (1998) .
For each chromosome the centromere position was calculated by the arm ratio, measurement in pixels and performed in micrometers scale. The length/short arm ratios were used to classify chromosome morphology as described by Levan et al. (1964) and revised by Guerra (1986) .
RESULTS
The methodology described in this paper provided good chromosome preparations for analysis of primary and secondary constrictions morphology, facilitating the classifications of the homologous pairing in karyogram sets. The chromosomic complement of C. annuum (2n = 24) displayed ten metacentric pairs (1-10), one submetacentric (11) and one acrocentric (12) (Fig. 1A) . Maize chromosomes were classified according to the well-known criteria described by McClintock (Fig. 1D) .
Pepper chromosomes showed one weak band emitting yellowish-green fluorescence in the secondary constriction of the short arm of chromosome 5 and two more intense bands flanking the secondary constriction of chromosome 11 (Fig. 1A and 1B) . Four spots emitting yellowish-green fluorescence were observed in the interphasic nuclei of pepper (Fig. 1C) . In the maize line 2-NOR used as a standard, the chromosome 6 showed similar results in the secondary constriction corresponding to the NOR position ( Fig. 1D and 1E ). Four spots emitting yellowish-green fluorescence were also observed in the interphasic nuclei of maize (Fig. 1F) .
Some pepper chromosomes, with conflicting classification in the literature, were selected at prometaphase and metaphase to be analyzed at different degrees of condensation (Fig. 2) . The chromosome that contains a secondary constriction and a well evident satellite in the short arm was classified as 11 submetacentric, using the criterion that excludes the secondary constriction from the calculation of arm ratio (2.44). The shorter chromosome of the complement, classified as 12, did not present secondary constrictions or satellites. The arm ratio (3.27) of this chromosome indicated an acrocentric type according to the nomenclature of Guerra (1986) or subtelocentric type according to Levan et al. (1964) .
DISCUSSION
The RFA technique as applied to pepper and maize chromosomes showed a different banding pattern from those obtained with human chromosomes. In these plants, band positions were flanking the secondary constrictions (Fig. 1) , demonstrating that this is not a reverse banding case. Therefore, in this study, RFA band nomenclature was replaced by Hsc-FA bands (secondary constriction heterochromatin-associated bands by fluorescence using acridine orange).
The absence of Hsc-FA bands in the primary constriction of pepper and maize chromosomes can be justified if the heterochromatin of the secondary constriction is different, in structure or composition, of that flanking the centromeric region. Two different heterochromatin types have been associated with secondary constrictions in human chromosome studies (Tyler-Smith and Willard 1993; Demirtas et al. 2000) and with genetically active and inactive regions of Drosophila chromosomes (Lohe and Hilliker 1995) . According to these authors, the α-heterochromatin is located mainly at the centromeric region, and -heterochromatin is flanking the secondary constriction. Bennetzen (2000) noticed a similar situation in Arabidopsis suggesting the possibility of occurrence in other plants. Likewise, α and heterochromatin could be involved with such regions in pepper and maize chromosomes, considering that they could have been differentiated by the denaturing conditions of the treatment. In analogy, it was interpreted that -heterochromatin would be responsible for the positive Hsc-FA band in the secondary constriction (Fig. 1) .
Banding patterns analogous to Hsc-FA have been noticed in studies with other organisms such as Vicia faba, Allium fistulosum, Chrysanthemum coronarium, Lycoris aurea and Nothoscordum fragrans (Sato 1988) , Helianthus argophyllus and H. annuus (Cué llar et al. 1999) and Arcyptera fusca (Bella et al. 1986 ) after C-banding pretreatments and AO staining.
In the present study, it was interpreted that the Hsc-FA banding pattern displayed in two secondary constrictions in pepper chromosome is associated to the NOR, considering that this region displayed positive Hsc-FA band in the secondary constriction of the short arm of maize chromosome 6 (Fig. 1  D-E) . However, the presence of these bands in chromosomes 5 and 11 of Capsicum (Fig. 1 A-B) cannot differentiate the active NOR from the inactive one. These results partially agree with data obtained by Tanksley et al. (1988) , who identified only one hybridization signal in the subterminal region of chromosome 5 using 45S rDNA probes. However, they admitted technical constraints which could prevent hybridization at a second ribosomal locus. Conversely, Moscone et al. (1995) evidenced a positive Ag-NOR band in chromosome 11. Analysis of rDNA site distribution by in situ hybridization shows that they are always present in the NOR and often in other regions where secondary constrictions have not been located (Guerra 2000) , and active sites are generally Ag-NOR band-positive (Hubbell 1985) .
The four strongly fluorescent spots observed close to the NOR (negative image) in the interphasic nuclei of pepper (Fig. 1C) and maize (Fig. 1F) provide additional evidence that the Hsc-FA bands are flanking the rDNA segments. Nevertheless, spots that correspond to the small Hsc-FA bands of pepper chromosome 5 were not observed. Probably, these small regions cannot be discriminated in the interphasic nuclei by Hsc-FA banding or they do not contain enough heterochromatin rDNA to be resolved by the technique.
In the characterization of C. annuum chromosomes, the data concerning the location of primary and secondary constrictions, and also the presence of satellites, have been conflicting. Aarestrup (2001) noticed the NOR in the chromosome classified as number 8, justifying that the secondary constriction and satellite were included in the arm ratio calculations. If the measurements of these regions were excluded, the chromosome with NOR would be classified as number 11 (Fig. 2) . Chromosome 12 has been classified as being subtelocentric (Moscone 1993) or submedian (Bertao 1993 ) with a satellite. However, in the present study, the calculation of arm ratios indicated an acrocentric type without satellite (Fig. 2) . These morphological differences can be attributed to the intra-especific polymorphisms or to cytological preparations that did not allow differentiation between primary and secondary constrictions.
The results obtained here with Hsc-FA banding allowed the identification, at the cytological level, of the heterochromatic segments associated with active and inactive rDNA sites of C. annuum and Z. mays chromosomes. Considering that the -heterochromatin would be the main flanking component in secondary constrictions, the Hsc-FA banding will be a powerful tool for the identification of this region in other plant species. 
